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Posterior Tibial Slope & Metaphysio-Diaphyseal angle as a 
marker in detecting osteoarthritis in Indian population 
Introduction 
Osteoarthritis is a condition that affects the joints, causing pain 
and stiffness. It is by far the most common form of joint disease, and 
the knee is one of the most commonly affected joints. The symptoms 
of osteoarthritis are pain, stiffness, a grating or grinding sensation 
when the joint moves (crepitus), swelling (either hard or soft). 
Sometimes the knee may either lock or give way on weight bearing. 
Almost anyone can get osteoarthritis and it is most likely if you are in 
your late 40s or older, overweight, woman, your parents, brothers or 
sisters have had osteoarthritis, previous severe knee injury, joints 
damaged by another disease, for example rheumatoid arthritis or gout. 
 A joint is where two or more bones articulate. The joint allows 
the bones to move freely within limits. The knee is the largest and 
most complicated joint in the body, strong enough to take our weight 
and must lock into position so we can stand upright. It also acts as a 
hinge so we can walk and withstand extreme stresses, twists and 
turns, such as when we run or play sports. The knee joint is where 
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femur and tibia articulate. The end of each bone is covered with 
cartilage which has a smooth, slippery surface that allows the ends of 
the bones to move against each other almost without friction. knees 
have two additional rings of cartilage between the bones, called 
menisci which act like shock absorbers to spread the load more evenly 
across the joint. knee joint is held in place by four large ligaments. 
These are thick, strong bands which run within or just outside the 
joint capsule. Together with the capsule, the ligaments prevent the 
bones moving in the wrong directions or dislocating. The thigh 
muscles also help to hold the knee joint in place.
[7,8]
  
Muscles are attached to bones by strong connecting tissues 
called tendons. These tendons run on either side of the joint, which 
they also help to keep in place. When muscles contract they shorten, 
and this pulls on the tendon attached to the bone and makes the joint 
move. Patella is fixed firmly in the middle of the large tendon that 
attaches thigh muscles (quadriceps) to the bone just below your knee 
joint at the front of Tibia. The underside of Patella is also covered 
with cartilage.  
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The joint is surrounded by a membrane known as the synovium 
that produces a small amount of synovial fluid, which nourishes the 
cartilage and lubricate the joint. The synovium has a tough outer layer 
called the capsule, which helps hold knee joint in place. 
Accelerated knee osteoarthritis
[45]
 is a unique subset of knee 
osteoarthritis, which develops joint space narrowing with definite 
osteophytes and in less than 4 years. Such Individuals are often older, 
overweight and more likely have a recent history of knee injury. 
Furthermore, compared with those with a slower onset of knee 
osteoarthritis, the individuals with accelerated knee osteoarthritis have 
increased knee pain and disability. It is vital to identify risk factors for 
accelerated knee osteoarthritis in order to recognize people who will 
have feasibility to develop knee osteoarthritis. This will help us to 
identify early interventions to halt or slow down the progression of 
osteoarthritis, thereby reducing the burden in the community.  
The geometry of an articular surface (e.g., posterior tibial 
slope),
[35,46]
 may be an important risk factor for development of knee 
osteoarthritis. Posterior tibial slope is a determinant of altered joint 
biomechanics.  The posterior tibial slope is essential both for ligament 
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function and knee kinematics (Cullu et al., 2005). Comparative 
studies have shown that it is steepest in most animals and shallowest 
in humans, (Gupte et al., 2007). Among human fossil species, the 
angle varies very little. Attempts have been made to discriminate 
locomotor modes in human species based on the curvature of the tibia 
condyle with limited success (Organ & Ward, 2006).  
The coronal alignment of the knee has been evaluated 
extensively, but there are only few studies for the sagittal plane 
alignment. The posterior inclination of the tibial plateau in relation to 
its longitudinal axis in lateral view is the Posterior Tibial Slope (PTS). 
Posterior Tibial Slope is an important factor that influences the 
sagittal alignment. Hence, an altered posterior slope angle may play a 
role in knee joint kinematics and influence the risk of injury. Due to 
these abnormal biomechanics, it is important to consider the poaterior 
tibial slope as a potential risk factor for knee osteoarthritis.  
No prior study has evaluated posterior tibial slope in relation to 
osteoarthritis. We hypothesized that individuals with greater or lesser 
posterior tibial slope angles will greater risk of developing common 
or accelerated knee osteoarthritis than those with a neutral posterior 
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tibial slope. Studies in oriental population in respect to PTS have 
found different values from that of Caucasians
[1,4]
.When PTS is high, 
the Tibial shear force and anterior tibial translation also significantly 
rises. An increase in Medial tibial slope may cause Anterior cruciate 
ligament strain and injuries
[5,6]
. 
MDA is a recent radiological entity gaining clinical 
significance. It is the angle made between the longitudinal axis of 
tibia and the axis of proximal tibial metaphysis in a lateral view. The 
clinical importance of MDA is that it affects the mechanical axis in 
the sagittal plane by bringing the centre of knee backwards. The slope 
is an important consideration in knee biomechanics, modification of 
radiological techniques and surgeries such as high tibial osteotomy for 
genu recurvatum deformity, tibiofemoral osteoarthritis and knee 
arthroplasty 
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AIM 
This study was performed to determine  
1. mean posterior tibial slope(PTS),  
2. mean metaphysio-diaphyseal angle (MDA),  
3. to study correlation of  PTS and MDA changes with 
osteoarthritic degeneration in Indian population and  
4. to assess sensitivity and  specificity of PTS and MDA in 
detecting Osteoarthritis. 
Applied Anatomy of Knee 
The knee balances in axial compression due to the action of 
gravity, in nearly all situations. Mobility and stability are the two 
contrasting qualities of knee and it must resolve these two opposed 
requirements. The arrangement of ligaments, menisci and tendons are 
ingenious in the knee and they help to resolve mobility and stability 
vis, static stability provided by the ligaments and menisci and the 
muscles and tendons provide dynamic stability. However, the 
exposure of the knee to external forces makes it vulnerable in several 
occupations and sports.  
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The primary movements taking place in the knee is flexion–
extension; secondarily – internal and external rotations of the tibia in 
relation to the femur takes place only when the knee is flexed. 
Therefore the knee must be flexed to a right angle in order to measure 
the extent of internal and external rotation. 
The Articular surfaces 
The knee acts as a hinge joint during flexion–extension whereby 
the articular surfaces of the femur roll and glide over the tibial 
articular surface. The distal femur is compared with a double wheel, 
where the medial and lateral condyles are the components and the 
junction between them is the intercondylar notch (Fig. 1).         
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  The condyles are convex in both planes. The lateral femoral 
condyle is prominent than medial condyle there by preventing the 
patella from sliding laterally. The medial condyle extends more 
distally than the lateral condyle. The upper surface of tibia which is 
articular has two curved gutters which are separated by an 
anteroposterior eminence. The gutters are incongruent with the 
corresponding femoral condyles. However, this lack of compatibility 
is overcome by the menisci. The femoral intercondylar notch 
corresponds to anteroposterior elevation between the medial and 
lateral tibial condyles. The articular surface of the patella is almost 
congruent with and corresponds to the anterior surfaces of the femoral 
condyles. The surfaces of the tibial condyles when anteriorly 
projected, will coincide with the articular surface of the patella. 
Similarly, if the tibial intercondylar eminence is anteriorly projected, 
its plane will be continuous with the vertical ridge on the patella as 
much as the femoral intercondylar notch which continues in the 
central groove of the patellar surface of the femur.  
This assembly resembles a twin-wheel rolling on a central rail 
(Fig. 1a). The tibia and patella act as one structure during flexion and 
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extension, in relation to the femur. The flatter upper tibial surface in 
relation to the rounded femoral condyles might give an impression 
that the femoral condyles roll during flexion–extension. In reality this 
is not so. In 1836 the Weber brothers demonstrated that the femoral 
condyles simultaneously roll and slide, and these movements occur in 
opposite directions. The femoral condyles roll backwards and slide 
forwards on the tibia during flexion and they roll forwards and slide 
backwards during extension. However, the ratio of rolling to sliding 
changes with the degree of flexion or extension. During the first 30° 
of flexion the movement is almost entirely rolling and at nearly full 
flexion the condyles slip along the tibial plateau without rolling.  
Thus the knee joint is primarily a hinge, with femoral condyles 
are the wheels gliding and rolling in a twin set of gutters of the tibial 
and patellar surfaces which are concave and curved. Eventhough this 
is a satisfactory concept in terms of flexion and extension the reality 
of the situation is more complex. The knee not only allows gliding 
and rotation around a horizontal axis but also allows rotation through 
a vertical axis, namely internal and external rotation of the tibia in 
relation to the femur.  
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The rotation movement of the knee would be precluded if the 
knee, as described above is considered a hinge joint with the tibial 
intercondylar eminence gliding between the two femoral condyles. 
However, rotation becomes possible if the anterior and posterior ends 
are flattened (Fig. 1b). The intercondylar spines forming the 
remaining middle part of the eminence act as the central pivot about 
which the movements of axial rotation occur. 
The menisci:  
The space between the femoral and tibial condyles contain two 
menisci. They are crescent-shaped lamellae. They are triangular in 
cross section with an anterior and a posterior horn. The superior and 
inferior surfaces of the menisci are in contact with the femoral and 
tibial condyles. The peripheral surfaces adhere to the synovial 
membrane of the capsule. The anterior and posterior horns of both the 
menisci are anchored to the tibial condyles in the anterior and 
posterior intercondylar fossae, respectively.  
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The horns of the medial meniscus are farther apart and are 
nearly semilunar in shape. The horns of lateral menisci are closer and 
are almost circular. The lack of congruence between the articular 
surfaces of femur and tibia is corrected by menisci. They also increase 
the area of contact, improve distribution of weight and act as shock 
absorption. They are very important stabilizers of the knee as they 
also help to guide and coordinate knee motion. 
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The coronary ligaments limit the movement between the tibial 
surface and the menisci by connecting the outer meniscal borders with 
the tibial edge. The coronary ligaments of the medial meniscus are 
shorter and stronger than those of the lateral meniscus.  
The medial collateral ligament(MCL) of the knee is attached to 
the outer border of the medial meniscus by its deep fibres, while on 
the contrast there is no connection between the lateral meniscus and 
the lateral collateral ligament(LCL) (Fig. 4). 
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These structural differences between the two menisci explains 
the lesser mobility and the greater vulnerability of the medial 
meniscus. (see Fig. 3). There are only a few muscle fibres attached to 
the menisci. A few fibres of the semimembranosus tendon are 
attached to the posterior edge of the medial meniscus and the 
popliteus has a fibrous expansion extending to the posterior border of 
the lateral meniscus. Menisci are insensitive to trauma as they do not 
contain pain-sensitive structures. Since their outer third has some 
blood supply they have a slight ability to heal. The nutrition to inner 
non-vascularized part is received through diffusion of synovial fluid.  
Movements of the menisci:  
The body of each meniscus is fixed around the femoral condyle 
and moves with the femur. The inner sides of the menisci, attached by 
their horns to the tibial plateau, move with the tibia. Therefore, 
distortion of the menisci is inevitable during movement between tibia 
and femur. Distortion is more marked in lateral meniscus because the 
horns of the lateral meniscus are attached closer together and its body 
is more mobile. 
14 
 
 During flexion of the knee, the body of the meniscus moves 
posteriorly and during extension it moves anteriorly. In lateral (axial) 
rotation, the menisci exactly follow the displacement of the femoral 
condyles, which means that the lateral meniscus will be pushed 
forwards on the tibia and the medial meniscus will be pulled 
backwards (Fig. 5a). On the medial aspect the anterior part of the 
medial coronary ligament then comes under tension.  
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The same effect occurs in the medial rotation: the medial 
meniscus is pressed forwards and the lateral meniscus drawn 
backwards (Fig. 5b), which causes tension in the anterior part of the 
lateral coronary ligament.  
The patella:  
The patella is a triangular, flat bone, situated on the front of the 
knee joint (Fig. 2). It is regarded as a sesamoid bone, developed in the 
tendon of quadriceps femoris. Its anterior surface is convex and 
covered by the expansion of the quadriceps femoris tendon. The 
quadriceps tendon is continuous below with the superficial fibres of 
the ligamentum patellae. Patella is separated from the skin by a bursa 
called prepatellar bursa.  
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The posterior surface has a smooth, oval and cartilaginous area. 
It is divided by a rounded vertical ridge into a larger lateral portion 
and a smaller, medial portion. Larger lateral portion for articulation 
with the lateral condyle of the femur and the smaller medial portion, 
for articulation with the medial condyle of the femur. Below the 
articular surface is a rough, convex, non-articular area. The lower half 
of this area gives attachment to the ligamentum patellae and the 
adipose tissue separates the upper half from the head of the tibia.  
Borders of the patella:  The superior border is thick and sloped from 
behind downwards and forwards; it gives attachment to the portion of 
the quadriceps that is derived from the rectus femoris and vastus 
intermedius muscles. The lateral and medial borders are thinner. They 
give attachment to the portions of the quadriceps femoris, that are 
derived from the vastus lateralis and medialis. The apex is pointed 
and it gives attachment to the ligamentum patellae. The patella acts as 
a protection to the front of the knee joint and increases the leverage of 
the quadriceps femoris muscle by making it work at a greater angle. 
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The Ligaments and Joint capsule 
Ligaments  
The medial ligamentous complex:   It consists of two layers: the 
capsular reinforcements which are deeply situated with an anterior, 
medial and posterior part and the medial collateral ligament (MCL) 
which is strong and more superficially located.  
The medial side of the knee is stabilized by MCL primarily. It is 
a flat, broad and triangular band attached to femur on the 
posterosuperior aspect of the epicondyle. Its fibres insert at the medial 
aspect of the tibia and run obliquely anteriorly and inferiorly just 
behind and under the insertions of the semitendinosus muscle. 
The anterior fibres of the ligament can be palpated easily at the 
anterior border as they are separated from those of the deep capsular 
reinforcements. 
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The posterior fibres blend along with the capsule and with the 
medial border of the medial meniscus (Fig. 7). The knee is stabilized 
against external rotation and excessive valgus forces by the strong 
MCL. An important observation in the consideration of chronic 
ligamentous adhesions of the MCL is that the posterior fibres are 
attached to the meniscus remain taut even though it slackens during 
flexion.  
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The lateral collateral ligament:   The lateral quadruple complex 
consists of biceps tendon, iliotibial tract, popliteus and LCL. LCL is 
responsible for the lateral stability of the knee. It runs from the lateral 
epicondyle of the femur to the head of the fibula, deep to the insertion 
of the biceps and is round in cross-section. The ligament is separated 
from the capsule and the lateral meniscus by the popliteus tendon and 
lies completely free. The knee is stabilized against excessive varus 
force by LCL. A small bursa lies between the LCL and popliteus 
tendon.  
The posterior capsular reinforcements:   The oblique popliteal and 
the arcuate popliteal ligaments are the two irregular ligamentous 
structures which strengthens the posterior capsule. The oblique 
popliteal ligament is an expansion of the semimembranosus tendon 
and reinforces the central posterior part of the joint capsule. The 
fibres of the arcuate popliteal ligament run obliquely medially and 
upwards from posterior aspect of the fibular head to the posterior 
aspect of the femur.  
The cruciate ligaments:   The cruciate ligaments lie in the centre of 
the joint (Fig. 8). Because of the posterior invagination of the synovial 
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membrane the cruciate ligaments remain extra synovial. They assure 
the anteroposterior stability of the knee. Together with the collateral 
ligaments, they prevent rotational movements during extension.  
                       
The anterior cruciate ligament:    It is attached between the anterior 
horns of the medial and lateral menisci in the anterior intercondylar 
area of the tibia. Its fibres run posteriorly and laterally to the medial 
aspect of the lateral femoral condyle. It is arranged as three coiled 
bundles anteromedial, intermediate and anterolateral, which spiral 
from one insertion to the other. The anterior bundle is tight in 
extension but in flexion the posterior fibres are stretched. Hence the 
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anterior cruciate is tightest at the extremes of range. The femoral 
condyles tend to roll backwards over the tibia during flexion, which is 
checked by the anterior cruciate ligament. It induces a simultaneous 
anterior gliding of the femur. The anterior cruciate ligament helps in 
preventing excessive varus and external rotation movement of the 
tibia. It resists anterior motion of the tibia on a fixed femur and resists 
extremes of knee extension. 
The posterior cruciate ligament:   The posterior cruciate ligament is 
attached at the posterior intercondylar area of tibia and fans out at the 
posterior border of the tibial plateau. It runs medially and anteriorly 
crossing the anterior cruciate ligament from medial and from behind. 
It gets inserted deeply in the intercondylar fossa on the lateral surface 
of the medial condyle.  
The posterior cruciate ligament has a complex architecture like 
the anterior cruciate, but is twice as strong. It is tightest in mid-
position and a basic knee stabilizer. During extension, the posterior 
cruciate ligament causes backwards sliding of femur by pulling it 
during its anterior rolling. During squatting the posterior cruciate 
ligament prevents anterior gliding of the femur, resists hyperextension 
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and has an important role in the medial stability of the knee. It resists 
posterior motion of the tibia on a fixed femur and resists extremes of 
knee flexion. 
The coronary ligaments:  Also called meniscotibial ligament, these 
coronary ligaments attach the periphery of the menisci to the edge of 
the tibial condyle (Fig. 9). 
                    
Although they are not considered to be true ligaments, they are 
reinforcements in the synovial membrane. The fibres of the lateral 
coronary ligament are 2cm long and looser, while those of the medial 
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coronary ligament are 4-5 mm long and stronger. The lateral coronary 
ligament is stretched during internal rotation, while the medial is 
stretched during external rotation.  
Capsule:  The capsule consists of a fibrous sleeve and a synovial 
membrane and connects the distal end of the femur with the proximal 
border of the tibia. Its attachments do not always coincide. The 
synovial membrane is adherent only at the peripheral surface of the 
menisci. The joint is provided with passive stability by reinforcements 
in or along the fibrous capsule to keep the bones in contact. 
 
 
 
 
 
 
  
In the tibial the capsule (Fig. 6a) is attached along the borders of 
the articular surfaces and follows its anterior, medial and lateral 
edges. At the anterior border the infrapatellar pad of adipose tissue 
projects the synovial membrane backwards. The synovial membrane 
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follows the edges of the medial and lateral condyles at the posterior 
border and forms a loop around the insertion of the anterior cruciate 
ligament. In the femoral attachment also the capsule follows the 
articular surfaces of the femur with some points to be noted:  
 Anteriorly suprapatellar pouch is formed as the capsule is 
attached proximal to the edge of the articular surface (Fig. 6b).   
 On the lateral condyle the fibrous capsule is attached above the 
insertion of the popliteus tendon and makes it lie intra-
articularly, covered only by the synovial membrane (Fig. 6c).                                            
 Posteriorly the attachment of the synovial membrane dives into 
the intercondylar notch following the femoral articular surfaces 
to form a loop around the femoral insertions of the cruciate 
ligaments.  
Thus the invagination of the synovial membrane keeps the cruciate 
ligaments outside the capsule, which forms a partition in the sagittal 
plane of the joint space. The capsule follows the margins of the bone 
at the patella.  
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Muscles and tendons  
The extensor mechanism (Fig. 10) The quadriceps is the extensor of 
the knee. It consists of four muscle. Three are monoarticular muscles 
– the vastus medialis, the vastus intermedius and the vastus lateralis.  
 
 
 
 
 
 
 
 
 
 
 
The rectus femoris is biarticular and spans knee and hip joints. 
All these separate bellies have a common tendon and gets inserted 
into the anterior tibial tuberosity. The patella, a triangular sesamoid 
bone is imbedded in the tendon. Its function is to increase the 
efficiency of the quadriceps contractions. The patella lies fully within 
the tendon, which means there are fibres of tendon all around the 
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patellar edge. The clinical consequence is that a tenoperiosteal 
tendinitis at the patella may occur at the distal and also at the 
proximal and sometimes even at the medial and lateral edges of the 
patella. The part of the tendon above the patella is known as the 
suprapatellar tendon (quadriceps tendon) the inferior part as the 
infrapatellar tendon (or patellar ligament). The medial and lateral 
fibres are called as the medial and lateral quadriceps expansions. 
However, they are only parts of a single tendon.                         
The rectus femoris has a biarticular nature and since it runs 
anterior to the flexion–extension axis of the hip, it the specifically 
functions as a hip flexor. Few deeply situated fibres of the vastus 
intermedius are attached to the superior capsule of the knee joint 
which pulls the loose capsule away from the joint. This is how it 
prevents the suprapatellar pouch from being pinched during knee 
motion. Tensor fasciae latae is another weak extensor of the knee. It 
acts through the iliotibial tract, only when the knee is extended. In 
flexion greater than 30°, the iliotibial tract becomes a weak flexor of 
knee and an external rotator. To create static lateral stabilization of 
the knee is the main function of the tract.  
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Flexors of the knee: The flexors of knee are the hamstrings (biceps 
femoris, semitendinosus & semimembranosus), sartorius, gracilis, 
popliteus and the gastrocnemius. 
The biceps femoris is inserted to the superior and posterior 
aspect of the fibular head. It lies in front of and behind the insertion of 
the lateral collateral ligament (see Fig. 12). It also has attachment to 
the lateral part of the joint capsule and posterolateral aspect of the 
tibia. It functions as a strong flexor and external rotator of the knee.  
The semitendinosus, gracilis and sartorius insert in front and 
under the medial condyle of the tibia. This insertion site is the so-
called ‘pes anserinus’ which is just anterior to the tibial insertion of 
the MCL and medial to the tibial tuberosity. They flex and internal 
rotate the knee (Fig. 11).  
The gastrocnemius is strong plantar flexor and invertor of the 
foot, but is only weak flexor of the knee. It has two heads and the 
medial head is a weak internal while the lateral head a weak external 
rotator. It also helps in actively stabilization the knee joint. 
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The semimembranosus attaches at the medial condyle of the 
tibia. It has few fascicles attached to the oblique popliteal ligament 
and some fibres attached to the posterior edge of the medial meniscus. 
It functions as a flexor and an internal rotator.  
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The popliteus muscle originates at the lateral epicondyle of the 
femur within the joint (Fig. 12). It also has origins from the dorsal 
aspect of the capsule and the lateral meniscus. The muscle belly lies 
under the lateral gastrocnemius and the plantaris muscles deeply in 
the popliteal fossa. The insertion is at the upper and posterior aspect 
of the tibia which has a broad expansion. It functions as a flexor and 
an internal rotator of the knee. It also spans the posterior capsule of 
the knee. It has two important functions: during flexion, it pulls the 
lateral meniscus in a posterior direction and during squatting it 
prevents the femur from slipping forwards on the tibia. This active 
role of the popliteus is comparable to the static role of the posterior 
cruciate ligament.  
Nerve structures and blood vessels: The popliteal fossa is lozenge-
shaped. It is a particularly important anatomical space as it contains 
the vessels and nerves of the lower limb (Fig. 13).  
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The borders are formed by the heads of the gastrocnemius 
below. The upper medial border the semitendinosus and 
semimembranosus muscles and the upper lateral border is the biceps 
femoris. The posterior capsule and the popliteus muscle forms the 
floor. Posteriorly the popliteal fossa is bounded by the deep popliteal 
fascia. The contents of this lozenge are (from lateral to medial) the 
tibial nerve, the popliteal vein and the popliteal artery which traverse 
vertically down. The common peroneal nerve descends along the 
medial border of the biceps femoris and at the head of the fibula it 
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splits into two branches. The deep peroneal branch curls around the 
fibular head and enter the anterior compartment of the leg. The 
superficial peroneal branch supplies the peroneal muscles in the 
lateral compartment.  
The upper tibiofibular joint:   
  The capsule is reinforced in front and behind by two tibiofibular 
ligaments. This joint is separate and does not articulate with the knee 
joint.  Very little movement only take place at the tibiofibular joint. 
During active knee flexion the biceps femoris may pull the fibular 
head slightly backwards. Valgus and varus movements of the talus 
may produce slight passive upwards and downwards movements of 
the fibula. 
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OSTEOARTHRITIS – AN OVERVIEW 
Osteoarthritis is caused when the surfaces within the joints 
become damaged such that the joint does not move smoothly. The 
condition is sometimes called arthrosis, osteoarthrosis, degenerative 
joint disease or wear and tear. When osteoarthritis develops, some of 
the cartilage covering the ends of the bones gradually wears out and 
becomes thin. This can happen over the main surface of your knee 
joint and in the cartilage underneath patella. The bone underneath the 
cartilage reacts by growing thicker and broader. All the tissues within 
the joint become more active than normal trying to repair the damage. 
The bone at the edge of the joint grows outwards, forming bony spurs 
called osteophytes. This can affect femur, tibia or patella. The 
synovium swells and produce more fluid, which then causes the joint 
to swell. This is called an effusion of the knee. The capsule and 
ligaments may slowly thicken and contract as if they were trying to 
stabilise the knee joint.  
The inflammatory process results in these changes in and around 
the joint and partly by body’s attempt to repair the damage. Mostly 
the repairs are successful and the changes inside the joint do not cause 
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much pain or rarely mild pain may come and go. However, in many 
cases, the repair does not work as well and the knee becomes 
damaged. This leads to instability as more weight is being put onto 
other parts of the joint causing symptoms to become gradually worse 
and more persistent over time. 
The major symptom of osteoarthritis is pain and sometimes 
stiffness. The pain tends to be worse on moving the joint or at the end 
of the day. Pain may be all around the knee or just in a particular 
place, most likely at the front and sides along the joint line. Pain may 
get worse after a particular movement, such as walking up or down 
stairs. The pain is usually relieved by rest. It’s unusual, but in severe 
osteoarthritis some people have pain that wakes them up at night. Pain 
will vary and that you have good days and bad days, sometimes 
depending on your activity level but sometimes for no obvious reason. 
Sometimes the knee may feel stiff often in the mornings or after a 
period of rest. Walking for a few minutes will usually relieve it. 
However, many people do not have stiffness at all, even with severe 
osteoarthritis. You may not be able to move your knee freely as far as 
normal range, and it may produce crepitus. In severe osteoarthritis the 
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knee may become bent and bowed, causing varus or valgus 
angulation. Sometimes, the muscles become weak or the joint 
structures become less stable and the joint gives way. It may be 
noticed that the knee looks swollen. The swelling may be hard 
(caused by osteophytes or soft (caused by extra synovial fluid in the 
joint). The muscles at the front of thigh may look thin and wasted. 
There are many factors that increase the risk of osteoarthritis. 
Often a combination of these leads to the condition.      
 
  
 
 
 
Age – Osteoarthritis usually starts by late 40s onwards. It’s 
occurrence in older people is not well understood, but it might be due 
to factors such as weakening of the muscles, inability of the body to 
heal itself or gradual wearing out of the joint with time.  
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Gender – OA knee is twice as common in women as in men. It’s 
most common in women over the age of 50 and it may be directly 
linked to the menopause. It’s often associated with mild arthritis of 
the interphalangeal joints of the fingers (nodal osteoarthritis).  
Obesity – Overweight is an important factor in causing osteoarthritis, 
especially in the knee. It also increases the chances of progressive 
worsening of osteoarthritis.  
Joint injury – Physically demanding and very hard, repetitive 
activities can increase the risk of osteoarthritis, although normal 
activity and exercise don’t cause osteoarthritis. Injuries to the knee 
may lead to osteoarthritis in later life. Often a twisting injury causes a 
torn meniscus or ligament. A torn meniscus is a common injury in 
footballers and meniscectomy or repair of cruciate ligaments also 
increases the risk of developing osteoarthritis in later life.  
Genetic factors – Genetic factors play a major role in osteoarthritis of 
the knee. There are greater chances of developing osteoarthritis if a 
parent or siblings have knee osteoarthritis. It is proposed that a 
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number of genes will have a small effect rather than one particular 
gene being responsible.  
Other types of joint disease – Sometimes different kinds of rarer 
joint disease, such as gout, result in damage of articular surface and 
can cause osteoarthritis. 
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The outlook 
  It is impossible to predict the development of osteoarthritis in 
any person. It can sometimes develop over just a year or two. It can 
cause a lot of damage to the joint, which may lead to some deformity 
or disability of the knee. But more often osteoarthritis is a slow 
process which develops over many years resulting in fairly small 
changes in few parts of the joint. Although it will be painful, it’s less 
likely to cause severe deformity or disability in initial stages. In 
severe osteoarthritis the cartilage becomes so thin that it no longer 
covers the articular surface of the bones. During movement of the 
joint, the bones rub against each other and eventually wear away. The 
wear and tear of the joint with loss of cartilage and appearance of the 
bony spurs alter the shape of the joint, causing mal-alignment of the 
joint. In addition, the muscles that produce the joint movement 
gradually weaken and become thin or wasted. This causes the joint 
unstable and the knee gives way on weight bearing. Lifestyle changes 
can greatly reduce the risk of progression of the knee osteoarthritis. 
Regular exercise, protecting the joint from injury and maintaining an 
optimal weight will help. Osteoarthritis of one joint may lead to 
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uneven loading in other joints, resulting in osteoarthritis in those 
joints. 
Diagnosis of osteoarthritis:  
There are many different types of arthritis such as primary 
osteoarthritis, rheumatoid arthritis, gout etc., which require different 
treatments. Osteoarthritis is usually diagnosed based on the physical 
signs and symptoms such as for example:  
 • tenderness over the joint  
 • creaking or grating of the joint (crepitus)  
     • bony swelling  
     • excess fluid  
      • restricted movement  
      • joint instability  
      • weakness and wasting of thigh muscle.  
Tests available:  
There’s no specific blood test for osteoarthritis, although basic 
investigations may help rule out other types of arthritis. X-rays are 
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taken to assess the severity of the damages caused by osteoarthritis, 
such as bony spurs or narrowing of the joint space where the cartilage 
has worn thin or any calcium deposits within the joint. Rarely, a 
magnetic resonance imaging (MRI) scan of the knee can be helpful. 
This will show changes in the soft tissues such as cartilage, tendons, 
muscles and also changes in the bone that are not seen on a standard 
x-ray. 
In considering osteoarthritis as a “whole joint” disease, it is 
essential to recognize the contribution of bone to the pathogenesis of 
the disease, in addition to cartilage and synovium. Radiographic 
features of OA, such as bony sclerosis and osteophyte formation that 
are helpful in diagnosis of OA are thought to be results of the disease 
process as such rather the cause. OA certainly causes changes in bone, 
but conversely, changes in biology and architecture of bone may also 
contribute to the development of OA. The quality of bone in part 
determine the distribution of biomechanical forces across the joint and 
so, the changes in bone itself may contribute to the development of 
OA. Here we highlight the emerging evidence that bone plays a key 
role in the pathogenesis of OA. 
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Superior surface of the upper end of tibia, commonly known as 
tibial plateau, bears a slope directed posteriorly and inferiorly relative 
to the longitudinal axis of the tibial shaft. The slope varies widely. It 
may vary with age, squatting habit, between sexes or there may be no 
sexual dimorphism. Slope of medial and lateral plateau may differ 
significantly. The posterior tibial slope is an important factor in knee 
biomechanics, modification of radiological techniques and surgeries 
such as high tibial osteotomy for genu recurvatum deformity, 
tibiofemoral osteoarthritis and knee arthroplasty. 
The coronal alignment of the knee has been evaluated 
extensively, but there are only few studies for the sagittal plane 
alignment. The posterior inclination of the tibial plateau in relation to 
its longitudinal axis in lateral view is the Posterior Tibial Slope (PTS). 
Posterior Tibial Slope is an important factor that influences the 
sagittal alignment
[3]
. PTS plays a very important role in the 
kinematics and biomechanics of knee joint. Studies in oriental 
population in respect to PTS have found different values from that of 
Caucasians
[3, 6]
.When PTS is high, the Tibial shear force and anterior 
tibial translation also significantly rises. An Increase in Medial tibial 
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slope may cause Anterior cruciate ligament strain and injuries
[10,11]
. 
Optimum intra-operative PTS is crucial in achieving good 
postoperative range of movements after Total knee replacement 
(TKR). 
MDA is a recent radiological entity gaining clinical 
significance. It is the angle made between the longitudinal axis of 
tibia and the axis of proximal tibial metaphysis in a lateral view. The 
clinical importance of MDA is that it affects the mechanical axis in 
the sagittal plane by bringing the centre of knee backwards, thereby  
indirectly  increasing the difference between anatomical axis obtained 
by Extramedullary  jig and the mechanical axis of tibia while doing 
Total Knee Replacement.
[3]
  
Total knee Replacement is one of the most successful surgery 
with an average survival of more than 90% at 15 years. In our culture, 
people require flexion greater than 105° for kneeling, squatting and 
during activities of daily living and religious activities. Generally we 
require an average of 67°-93°of knee flexion for swing phase of gait, 
climbing stairs, descending stairs and to rise from a seated position. 
Among the numerous factors affecting the postoperative flexion in a 
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total knee replacement posterior tibial slope (PTS) is important, which 
decides about sagittal alignment of knee. The posterior tibial slope is 
an important factor to preserve during knee replacement. Appropriate 
slope aids in achieving the amount of flexion and ensures the knee 
will be loose on flexion. One of the factors determining the outcome 
of total knee replacement is proper placement of the prosthesis. It is a 
well-known fact that there is a significant correlation between a well-
positioned prosthesis and good clinical results. The tibial component 
when positioned horizontally in the lateral view, performs best. This 
position however, does not represent the normal tibial slope. 
Whiteside suggested that the tibial cut should made at a 0°to 
3°posterior slope. Even with most modern TKA designs, some degree 
of posterior slope is now recommended when cutting the tibial 
plateau. 
This study was performed to determine the mean posterior tibial 
slope (PTS) and mean metaphysio-diaphyseal angle (MDA) of normal 
knees and osteoarthritic knees in Indian population, to study the 
correlation of PTS and MDA changes in osteoarthritic degeneration 
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and to assess the sensitivity and specificity of PTS and MDA in 
detecting Osteoarthritis. 
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Materials and Methods 
This study is a Descriptive Cross-sectional study done at our 
Institution. Measurement of PTS and MDA on knees in patients of 
Indian Origin presenting to our OPD with Arthritic knee pain were 
conducted during May - October 2016. The study group with normal 
knees was done with patients presenting to us with non-knee 
complaints, after obtaining proper informed consent. 
173 X-rays with lateral and PA views were examined from 121 
patients using standardized technique
[3,16] 
.  
STANDARDIZED TECHNIQUE 
The x-ray tube is positioned so that the central ray of the x-ray 
beam is angled at 10 degrees toward the feet (caudal). After setting 
the beam angle using the marks on the x-ray tube dial, use the level 
pitch and slope locator to confirm that the x-ray tube is angled 
correctly before taking each film.
[16] 
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Figure 14. Plexiglass frame for reproducible knee flexion, foot fixation and external rotation. 
The frame is positioned with it anterior wall in contact with the Bucky such that the midpoint 
between the knees will be centered on the film. 
 
 The anterior wall of the plexiglass frame is in contact with the 
Bucky tray. The plexiglass frame is positioned on the floor with the 
foot angulation support centered to the middle (left/right) of the 
Bucky tray.  This will center the midpoint of the x-ray beam between 
the knees over the Bucky and the film for most participants. Lower 
the Bucky so that the center of the film is at the level of the 
tibiofemoral joint line.  
Tape a coin to the side of the plexiglass frame that goes up 
against the bucky. The position of the coin should be 18 inches from 
the bottom of the frame (where the frame meets the floor) to the 
bottom of the coin. This placement is done to assess magnification 
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and to enable a double check of the side markers. Note: This position 
should ensure that the coin does not block a view of the medial side of 
the PA but for very tall participants please double check. 
Identify the position of the tibiofemoral joint space by locating 
the inferior border of the patella and the superior margin of the tibial 
tuberosity; trace this line around to the side of the knee and mark the 
skin with a felt tip pen.  This mark will be used to help align the 
center of the x-ray beam with the joint space. 
Participant position  
The participant should be without shoes.  
The participant stands with both knees facing the film cassette in 
an erect Bucky or film holder, with a film to focus distance (FFD) of 
72 in. 
Body weight is distributed equally between the two legs, and the 
great toes of both feet are placed in contact with the front plate of the 
plexiglass frame. 
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The inner aspects and heels of both feet should be in contact 
with foot angulation support so that the foot position can be 
reproduced exactly on follow-up films.  
The knees and thighs are pressed directly against the front plate 
of the frame and Bucky to fix the degree of knee flexion.: the knees 
and front of the thighs must be in contact with the front plate of the 
frame so that knee flexion can be reproduced exactly on the follow-up 
film.  
First ask participant to touch knees to the frame; then ask them 
to lean forward so that the front of their thighs also touch the frame. 
(In this position the tibial plateau will be at, or near, a 10 degree angle 
(caudad) to the film.)  The participant should hold onto the Bucky tray 
frame for support. 
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The external rotation of the feet is fixed at about 10 degrees by 
theframe.  
 
Criteria for assessing PA image quality   
Superposition of the posterior and anterior edges of the tibial 
plateau is required to accurately demonstrate the joint space.    
A. If the edge of the tibial plateau nearly touches or overlaps the 
distal femoral condyle on either knee, repeat the x-ray at a beam 
angled at 5 degrees and then at 15 degrees.   
Figure 15 
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B. Correct contrast/exposure: be able to see soft tissue; and medial 
and lateral sides of the knee joint including all bones without use 
of a bright light. 
C. Exposure settings should be set to provide optimal visualization of 
the articular surfaces.  The floor of the medial tibial plateau should 
be clearly delineated.   
The knees should be centered on the film. 
For PA view the source is kept at a distance of 1.8m with beam 
tilted 10
0
 caudally. In PA view, superposition of the posterior and 
anterior edges of the tibial plateau is required to accurately 
demonstrate the joint space. If the edge of the tibial plateau nearly 
touches or overlaps the distal femoral condyle on either knee, it 
becomes unacceptable.     
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Criteria for assessing Lateral image quality 
Center the knee to the film.    
Direct the central ray perpendicular to the knee.   
Tube is at 0 degrees, do not angle the tube. Center the beam to the 
flexed (forward) knee joint at the joint line. 
Weight should be distributed evenly between limbs. 
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For these x-rays to be acceptable, all of the following structures need 
to be fully visualized  
i. tibial tubercle (where patellar tendon inserts)  
ii. upper border of patella  
iii. front of patella  
iv. upper end of fibula 
          
If positioning is correct, the contours of the front edge of the 
medial and lateral femoral condyles should nearly overlie one another 
or be superimposed.   
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In an excessively rotated lateral view, in which the contours of 
the front edges of the femoral condyles do not overlie one another and 
are instead separated by 1 cm or more.   
PA view was taken to grade  the level of osteoarthritis as per 
Ahlback grading system
[1]  
which is classified as, 
Grade I = joint space narrowing < 3mm,  
Grade II = joint space obliteration,  
Grade III = minor bone attrition 0-5mm,  
Grade IV = moderate bone attrition 5-10 mm and  
Grade V = severe bone attrition > 10mm. 
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Figure 16: X-ray lateral view of knee shows Posterior tibial slope 
angle(PTS) 
 
Figure 17:  X-ray lateral view of knee shows Metaphysio-diaphyseal 
angle (MDA) 
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PTS (Fig 1) was defined as the angle formed by two lines in the 
lateral knee radiograph. The first line was the line perpendicular to the 
anatomical axis of the tibia. The second line formed by joining the 
most proximal points on the tibia plateau on the lateral radiograph as 
defined by Massin et al,
[12]
 avoiding osteophytes. Although, there was 
no previous consensus on the ideal anatomical axis to measure PTS, 
the proximal anatomical axis, i.e. the line connecting midpoints of 
outer cortical diameter at 5 and 15cm distal to the knee joint is now 
recommended because it is most parallel to the sagittal mechanical 
axis -Yoo et al.
[13]
  This axis was assumed to be the anatomical axis in 
our study also. MDA
[3,6,12]
 is a new entity defined in this study. This 
angle is formed between two lines: first line is the proximal 
anatomical axis of the tibia and the second is the axis of the proximal 
tibial metaphysis. The axis of metaphysis (i.e. the second line) was 
drawn by defining two points each on anterior and posterior cortices 
of tibial metaphysis in a lateral film and joining the midpoints (Fig 2). 
Finally, the angle between these two lines (i.e. the MDA) was 
measured. 
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The study broadly includes patients without any complaints in 
knee as normal group and patients with osteoarthritis as osteoarthritic 
group.  
INCLUSION CRITERIA 
• Patients over 30 years of age with non-knee complaints and 
without radiological degenerative changes as normal group  
• Patients over 30 years of age with knee pain showing 
radiological degenerative changes as osteoarthritic group 
EXCLUSION CRITERIA 
• Age less than 30 years. 
• Fractures around knee and tibia,  
• Ligamentous injury of knee,  
• Severe osteoporosis,  
• Tumours,  
• Charcot’s disease,  
• Osteolysis from any cause and  
• Skeletally immature knees 
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How I measured 
 
 
 
 
 
 
 
 
 
 
 
1. The line connecting midpoints of outer cortical diameter at 5 and 
15 cm distal to the knee joint (anatomical axis of tibia) 
2. Line drawn perpendicular to the anatomical axis of the tibia 
 
 
 
1 
2 
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3. The third line formed by joining the most proximal points on the 
tibia plateau on the lateral radiograph. 
The angle formed between the lines 2 & 3 is the posterior tibial 
slope (PTS). 
 
 
 
3 
PTS 
2 
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1. The line connecting midpoints of outer cortical diameter at 5 and 
15 cm distal to the knee joint (anatomical axis of tibia). 
4. The line was drawn by defining two points each on anterior and 
posterior cortices of tibial metaphysis and joining the midpoints (axis 
of metaphysis). 
 The angle formed between these two lines is the metaphysio-
diaphyseal angle (MDA) 
4 
1 
MDA 
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All the observations and measurements of PTS and MDA are 
statistically analysed using medcalc software. 
 
Figure 18: Age wise distribution of Osteoarthritis in males & females 
The analysis of age distribution among our study group shows 
that, the age group 50-60 years are more affected with arthritis with 
mean age of 56.34 years. The Sex distribution in our study reveals 
there is a slightly increased prevalence of arthritis among female 
population. The posterior tibial slope ranges from 5
0
-24
0
 in our study 
with mean PTS of 14.05
0
(SD 2.38) among osteoarthritic group and 
9.69
0
(SD 1.69) among normal group. 
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Figure 19:PTS of  Normal knee and Osteoarthritic knees 
Receiver operating characteristic(ROC) analysis provides tools 
to select possibly optimal models and to discard suboptimal ones 
independently from the cost context or the class distribution. It is 
related in a direct and natural way to cost-benefit analysis of 
diagnostic decision making. The curve is created by plotting the true 
positive (Sensitivity) results and false positive(Specificity) results at 
various threshold setting. 
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Figure 20: ROC curve of PTS 
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The ROC curve for PTS gives sensitivity of 96.7% and specificity of 
85.4% at a cutoff value of 11
0
 of PTS with p<0.0001. 
 
Figure 21: MDA of Normal and Osteoarthritic knees 
The MDA of our study ranges from 15
0
-34
0
 with mean MDA of 
25.03
0
(SD 3.053) among osteoarthritic and 19.87
0
(SD 2.70) among 
normal group respectively. 
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Figure 22: ROC curve of MDA 
 The ROC Curve for MDA gives a sensitivity of 90.1% and 
specificity of 84.1% at a cutoff value of 22
0
 of MDA with p<0.0001. 
The PTS & MDA values are plotted in a graph and found to have a 
linear correlation with correlation coefficient r = 0.64 which is a 
moderate correlation and statistically significant (p=0.0001). 
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Figure 23: Shows the linear correlation of PTS & MDA 
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Results 
There were 121 patients in our study with 173 knee X-rays of 
which 91 were Osteoarthritic Knees and 82 were normal knees. The 
mean PTS among normal group is 9.69
0
[ range 5
0
-13
0 
with SD 
1.81]and among Arthritic group is 14.05
0
[range 10
0
-24
0
 with SD 
2.38]. The mean MDA among normal group is 19.87
0 
[ range 15
0
-30
0
 
with SD 2.70]and among arthritic group is 25.03
0
[range 19
0
-34
0
 with 
SD 3.053]. There is a moderate correlation between PTS and MDA 
[correlation coefficient r=0.64. Regression analysis done with MDA 
on X axis and PTS on Y axis gives an equation y = 0.4964 +  0.5060 
x  (p<0.0001). Sensitivity and Specificity for PTS is 96.7% and 85.4% 
and for MDA is 90.1% and 84.1% respectively. 
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Discussion 
The PTS has been assessed using various methods ranging from 
direct cadaveric measurements to X-rays, CT and MRI scans. The 
ideal way to measure the PTS by X-ray is against the anatomical axis 
of tibia. CT and MRI are useful in measuring the medial and lateral 
slopes separately.
[4,16]
 The Age and Gender specific PTS  has not been 
fully mapped out for all populations. Among the few studied, it has 
been found to be different among different races.
[3,4,5,6,13]  
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Table I: Comparison analysis for PTS and MDA. 
Comparison Analysis 
 Normal Knee Osteoarthritis PTS MDA 
 PTS       MDA PTS         MDA Sensitivity Specificity Sensitivity Specificity 
Our Study 9.69        19.87 14.05       25.03 96.7%               85.4% 90.1%               84.1% 
Mohanthy et.al.,  11.64       23.76   
Yoga et.al., 10.1    
Khattak et.al., 13.65    
Chiu et.al., 10.8 13.1   
Yoo et.al., 10.6    
Didia et.al., 12.3    
Caucasians 5.7    
  
In our study we have measured PTS of both Normal and 
Osteoarthritic knees with values of 9.69
0
 and 14.05
0
. Chiu et al., also 
has measured PTS of both Normal and osteoarthritic knees with 
values of 10.8
0
 and 13.1
0
. Mohanthy et al.,
 [3]
 has measured PTS only 
in Osteoarthritic knee with value of 11.64
0
 whereas all the other 
studies,such as Yoga et al., Khattak et al., Yoo et al., Didia et al., have 
measured PTS for Normal knees only and not for Osteoarthritic 
knees.  
As per the comparison analysis shown above, the PTS in normal 
knees is found to be different in different studies. All the studies show 
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that the PTS is higher in Asian population than Caucasians. Our study 
shows a mean of 9.69
0
 which is comparable to Yoga et al., of 10.1
0
. 
The highest for the Asians of 13.65
0
 is shown by Khattak et al.
[6]
 The 
variations in PTS in Asian population as compared above maybe due 
to difference in reference axis and the methodology used in 
calculation.
[4,6,11,12,15]
 The increase in PTS with osteoarthritic 
degeneration has been shown in many studies.
[6,15,16]
 Our study also 
confirms that PTS increases with osteoarthritic degeneration. In our 
study we have measured MDA in both normal as well as osteoarthritic 
knees with values of 19.87
0
 and 25.03
0
. Among the other studies 
MDA has been measured only by Mohanthy et al., and that too only 
in Arthritic knees with value of 23.76
0
. 
 
In our study, we have not included post-TKR patients, so, the 
actual clinical significance of PTS, with respect to post TKR has not 
been done in our study.
[4]
 As per Yoga et al., who have studied the 
preoperative & post TKR PTS, they have suggested that, patients with 
higher preoperative PTS end up with higher postoperative PTS, which 
may increase the range of flexion but this patients may not achieve 
full extension, which is not desirable. They also suggest that in 
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patients with high preoperative PTS, when tibial cut is parallel to the 
surface, it exhibits 40% greater load carrying capacity and 70% 
greater stiffness than paired tibiae cut perpendicular to long axis.  
In this condition, to achieve full range of extension, an excess 
resection of proximal tibia needs to be taken. As per Bartel et al.,
[5]
 
when excess bone is resected in the proximal tibia, the stiffest & 
strongest cortical bone is removed and the remaining weaker and less 
stiff cancellous bone stock often is inadequate to support the 
physiological loads of knee. So, in these patients with deficient bone 
in the proximal end of tibia, the mechanical support for the TKR 
component may be inadequate
 
and may lead to loosening.
  
 
According to Mohanthy et al.,
[3]
 whenever MDA is higher there 
will be an increased difference between the diaphyseal axis and 
mechanical axis in the sagittal plane. In TKA, Tibial cuts are made 
using Extramedullary jigs which is based on anterior tibial cortex. 
This will not compensate for any changes in MDA and hence the 
aimed post operative PTS may not be achieved. They have suggested 
a reference point of 20
0
 for MDA, above and below this 20
0
 value of 
MDA, the post operative PTS gets altered. When MDA is less than 
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20
0
 and post operative PTS of less than 3
0
 is aimed then it might end 
up in a reverse tibial slope (anterior), where as when it is greater than 
20
0
and a PTS of more than 5
0
 is aimed at, then this might result in a 
PTS much more than 5
0
. The anterior tibial slope might cause wear 
problems and the higher PTS of more than 5
0
 may result in loss of 
extension and component loosening. Mohanthy et al., also suggests 
that MDA has to be taken into consideration to achieve the desirable 
post operative PTS and also to aim at a PTS of 3
0
-5
0
 which will be 
safe and avoid these possible errors.
            
 
The correlation between PTS and MDA in Mohanthy et al. 
(2016) study had a strong pearson’s coefficient correlation of 0.72, 
which in our study was moderate correlation with r = 0.64. We have 
further derived the regression analysis equation for PTS and MDA 
which is y = 0.4964 +  0.5060 x (p<0.0001), which helps us to 
calculate  either PTS or MDA based on either one value. 
Our study had certain limitations like the small Sample size, 
Medial & lateral tibial slope vary in same patients,
[3,6,12,15]
 Computed 
tomography is the most accurate method in measuring PTS.
[3,15,19]
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Gender specific variation is not considered and Clinical significance 
of PTS and MDA in TKR not assessed. 
Conclusion 
In our study PTS in Normal patients is higher than caucasians 
and almost equal to that of oriental population. Our study finds that 
PTS and MDA increases with Arthritis, with moderate correlation 
between them. They also serve as a marker in detecting Arthritis with 
good sensitivity and specificity. PTS is 96.7% sensitive in arthritic 
patients as a reliable marker with specificity of 85.4% & MDA is 
90.1% sensitive with 84.1% specific.   
Source of support: Nil 
Conflict of interest: None 
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PATIENT CONSENT FORM 
Study detail:                    
    Posterior tibial slope & metaphysio-diaphyseal angle as a marker in detecting 
osteoarthritis in indian population 
 
Study centre  :          GOVT ROYAPETTAH HOSPITAL, CHENNAI 
Patients Name  : 
Patients Age  : 
Identification Number        : 
   Patient may check (     ) these boxes 
I  confirm that I have understood the purpose of procedure for the above study. I had the opportunity to ask 
question and all my questions and doubts have been answered to my complete satisfaction. 
I understand that my participation in the study is voluntary and that I am free to withdraw at any time without 
giving reason, without my legal rights being affected. 
I understand that sponsor of the clinical study, others working on the sponsor’s behalf, the ethical committee and 
the regulatory authorities will not need my permission to look at my health records, both in respect of current 
study and any further research that may be conducted in relation to it, even if I withdraw from the study I agree 
to this access. However, I understand that my identity will not be revealed in any information released to third 
parties or published, unless as required under the law. I agree not to restrict the use of any data or results that 
arise from this study. 
I hereby make known that I have fully understood the use of above surgical procedure, the possible 
complications arising out of its use and the same was clearly explained to me and also understand that this 
technique is a new method of treatment of patella fractures and this study is done to know the usefulness of the 
same in management of patella fractures 
I agree to take part in the above study and to comply with the instructions given during the study and faithfully 
cooperate with the study team and to immediately inform the study staff if I suffer from any deterioration in my 
health or well-being or any unexpected or unusual symptoms. 
I hereby consent to participate in  this study. 
I hereby give permission to undergo complete clinical examination and diagnostic tests including hematological, 
biochemical, radiological tests. 
Signature/thumb impression:    
Patients Name and Address:                   place   date 
 
Signature of investigator :    
Study investigator’s Name :                               place   date      
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MASTER CHART 
Comparison Analysis 
 Normal Knee Osteoarthritis PTS MDA 
 PTS        MDA PTS          MDA Sensitivity Specificity Sensitivity Specificity 
Our Study 9.69         19.87 14.05        25.03 96.7%               85.4% 90.1%               84.1% 
Mohanthy 
et.al., 
  11.64        23.76   
Yoga et.al., 10.1      
Khattak et.al., 13.65      
Chiu et.al., 10.8  13.1    
Yoo et.al., 10.6      
Didia et.al., 12.3      
Caucasians 5.7      
 
